Background--No studies from the Arabian Gulf region have taken age into account when examining sex differences in STsegment-elevation myocardial infarction (STEMI) presentation and outcomes. We examined the relationship between sex differences and presenting characteristics, revascularization procedures, and in-hospital mortality after accounting for age in patients hospitalized with STEMI in the Arabian Gulf region from 2005 to 2017.
C ardiovascular disease is the leading cause of morbidity and mortality, and women have worse outcomes after acute coronary syndrome (ACS) than men. 1,2 Over the past decade, emerging findings have revealed sex-specific differences in ACS regarding clinical presentation, pathophysiology, diagnosis, and management in women. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These major gaps are further compounded by the underrepresentation of women in cardiovascular clinical trials. 10 Studies have shown that women with ST-segment-elevation myocardial infarction (STEMI) have worse short-and long-term outcomes than men. [12] [13] [14] [15] [16] [17] Some prognostic factors include older age at presentation, more comorbidities, and the presence of atypical symptoms, which might explain the delay in seeking treatment of women presenting with STEMI. 3, 7, 12, [15] [16] [17] [18] [19] [20] These atypical symptoms can be further associated with the delay in diagnosis and management and thus worse clinical outcomes.
Previous registries from the Arabian Gulf countries (Kuwait, Qatar, Bahrain, United Arab Emirates, Oman, Yemen, and Saudi Arabia) have included STEMI and non-ST-segmentelevation myocardial infarction (NSTEMI) patients and have shown that women presenting with ACS have higher rates of in-hospital mortality than men. 3, 12, [21] [22] [23] Examining potential age-sex disparities in STEMI outcomes in the Gulf region is important because the currently published data are limited by small sample sizes among the different age subgroups of women versus men. Therefore, we sought to examine the relationship between sex differences and presenting characteristics, revascularization procedures, and in-hospital mortality among the different age groups in patients hospitalized with STEMI in a pooled analysis of the 7 major ACS registries in the Arabian Gulf region from 2005 to 2017.
Methods
The registry data will not be made available, but STEMIspecific data will be made available on request from the corresponding author.
Data Source
All 7 ACS registries had a prospective consecutive study design. The study cohort consisted of records of patients hospitalized with ACS in 7 Arabian Gulf countries from 2005 to 2017. 3, 21, [24] [25] [26] [27] The overview of the individual studies is summarized in Table 1 . Two of 7 studies were national registries (Saudi Arabia and Kuwait) and used standard definitions according to published American College of Cardiology/European Society of Cardiology (ACC/ESC) guidelines. [28] [29] [30] [31] [32] [33] [34] [35] The databases were merged using a standard uniform coding strategy after an extensive review of the original coding system of each registry. Data related to patient characteristics; clinical presentation; management during hospital stay, including medications, reperfusion therapy and procedures, outcomes, and discharge medications; in-hospital mortality; and 1-year mortality were included in the study.
Each registry was approved by the ethics committee at its respective institution and were developed according to the Declaration of Helsinki. Because the patient information was collected anonymously, institutional review boards waived the need for individual informed consent.
Study Population
From 2005 to 2017, a total of 31 620 patients with a diagnosis of ACS were enrolled in 7 Arabian Gulf registries. Of these, 15 532 patients aged ≥18 years were hospitalized with a primary diagnosis of STEMI.
Study Variables
For the analysis, we collected the patient characteristics, baseline risk profile, medical history at presentation, initial assessment and management, in-hospital investigation and clinical management, all-cause in-hospital mortality, and 1-year mortality. Age was stratified into subgroups as follows: 18 to 45, 46 to 55, 56 to 65, 66 to 75, and >75 years. 18, 36 
Statistical Analysis
Sex was compared for clinical characteristics; clinical presentation; management during hospital stay, including medications, reperfusion therapy and procedures, and in-hospital and discharge medications used; all-cause in-hospital mortality; and 1-year mortality. Categorical data were summarized with absolute numbers and percentages. Numeric data were summarized with meanAESD. Baseline characteristics of men and women were compared using the Pearson chi-square test or Fisher exact test for categorical variables. The Student t test or Mann-Whitney U test was used for continuous variables. In addition, we computed absolute standardized differences (ASDs) to compare the baseline characteristics with sex. The ASD is calculated as the difference in means or proportions divided by a pooled estimate of the SD and is reported in percentages. ASD is not as sensitive as traditional
Clinical Perspective
What Is New?
• Women receive guideline-recommended pharmacotherapies at hospital discharge less frequently than men. • In particular, younger women (aged ≤65 years) with STsegment-elevation myocardial infarction (STEMI) were less likely to receive guideline-recommended pharmacotherapy and revascularization than younger men during hospitalization and had higher in-hospital and 1-year mortality rates. • These findings suggest both sex-and age-specific influences on STEMI and provide a possible explanation for sex differences in STEMI outcomes.
What Are the Clinical Implications?
• Our pooled analysis of the 7 major acute coronary syndrome registries in the Arabian Gulf region from 2005 to 2017 suggests that young women with STEMI are a unique highrisk group that presents a diagnostic challenge for clinicians. • Although women and men with STEMI derive similar treatment effects, beta-blockers and statins at discharge are still underprescribed for women. significance testing to sample size and is useful for identifying clinically meaningful differences (ASD >10%). 37 Logistic multiple variable regression models were used to assess sex differences in revascularization, in-hospital mortality, and 1-year mortality. Crude and adjusted odds ratios (ORs) with 95% CIs were calculated with men as the reference group. Adjustments were performed for sociodemographics (age, ethnicity), the presence of cardiovascular risk factors (diabetes mellitus, obesity [body mass index >25], hypertension, hypercholesterolemia, and smoking), hospital-level characteristics (echocardiogram and Killip class), revascularization therapy (a history of percutaneous coronary intervention [PCI] or coronary artery bypass grafting), a history of myocardial infarction or stroke, and the time from symptom onset to arrival at the emergency department (ED). Two-tailed tests were used, and P<0.001 was considered statistically significant. All analyses were performed using SAS/STAT software v9.2 (SAS Institute).
Results
Of the 15 532 patients aged ≥18 years hospitalized with STEMI in the 7 Gulf registries from 2005 to 2017, 2033 (29.7%) were women. Women were, on average, 8.5 years older than men (mean age: 61.7 versus 53.2 years; ASD: 68.9%). The presence of diabetes mellitus, hypertension, hypercholesterolemia, prior stroke, heart failure, and myocardial infarction was significantly higher in women (ASD >10% for all). However, complaints of chest pain (87% versus 94%), Killip class I (73.8% versus 83.3%), PCI (9.1% versus 11.5%), time from symptom onset to hospital arrival (<3 hours: 41.3% versus 53.3%), ED-to-needle time (<30 minutes: 21.1% versus 29.2%), and ED-to-balloon time (<90 minutes: 46.3% versus 62.5%) were lower in women than in men ( Table 2 ). Age-stratified analysis showed more cardiovascular risk factors for STEMI in women aged 56 to 65 years than men: higher body mass index (≥25; 72.1% versus 64.5%), hypercholesterolemia (40.6% versus 30.4%), Table 3 ). The women with STEMI (aged 18-45 years) were later in presentation (80.8% versus 62.3%) and less likely to receive thrombolytic therapy (40% versus 28.3%) and primary PCI (17% versus 24.6%) than men. The rates of administration of antiplatelets (76.8% versus 83.3%) and glycoprotein IIb/IIIa inhibitors (12.8% versus 19.8%) were lower in women than in men aged 56-65 years. Furthermore, women were less likely to receive guideline-recommended oral therapies at hospital discharge than men across all age groups ( Table 4 ).
The age-stratified analysis also showed that the use of revascularization in women versus men increased with increasing age groups ( Table 5 ). Among patients with STEMI undergoing revascularization, women aged <65 years were less likely to receive revascularization during hospitalization. After adjusting for demographic features, patient characteristics and comorbidities showed that the lower odds of use of revascularization in women than men decreased with increased age (P=0.013, aged 46-55 years; P=0.002, aged 56-65 years; P=0.128, aged 66-75 years).
In-Hospital Outcomes
Women had higher crude in-hospital mortality than men. The higher in-hospital mortality in women was driven by younger age (46- Table 5 ). Additional stepwise adjustment for the use of revascularization showed a significant association of female sex with in-hospital mortality in the age subgroups 46 to 55 years (P=0.005) and 56 to 65 years (P=0.003).
One-Year Mortality
Younger women (aged ≤65 years) were more than twice at risk of 1-year mortality than younger men (P<0.001). For older patients (aged >65 years), women had a 59% higher risk of 1year mortality than men. After adjusting for demographics, baseline characteristics, and comorbidity, female sex still had higher 1-year mortality than male sex (aged ≤65 years, OR: 1.89 [95% CI, 1.38-2.58]; aged >65 years, OR: 1.58 [95% CI, 1.12-2.23]). This excess mortality was still persistent in young women (aged ≤65 years) after adjusting for revascularization and the time from symptom onset to arrival at the ED (Table 6 ).
Discussion
This pooled analysis of 7 ACS registries represents the first study to assess the relationship of age-stratified sex differences in the clinical presentation, management, and in-hospital Data are shown as n (%) except as noted. LV dysfunction: mild is 40-50% ejection fraction, moderate is 30-40% ejection fraction, and severe is <30 ejection fraction. ASD indicates absolute standardized difference (calculated as differences in means or proportions divided by a pooled estimate of the standard difference); CABG, coronary artery bypass grafting; ED, emergency department; LV, left ventricular; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment-elevation myocardial infarction. *Some missing data, P<0.001 was considered to be statistically significant. and 1-year mortality rates in patients with STEMI in the Arabian Gulf region. The main findings of our study were as follows. First, women with STEMI had a significantly higher comorbidity burden than men in the same age group. Second, younger women (aged ≤65 years) were more likely to seek acute medical care and less likely to receive guideline-recommended pharmacotherapy than younger men. Third, significantly higher crude and adjusted in-hospital and 1-year mortality rates were observed in younger women than in younger men. Sex differences in the baseline characteristics, presentation, and mortality of acute myocardial infarction are well known and described repeatedly in our previous work. 3, 9, [21] [22] [23] Limited studies have focused on STEMI. 12, 25, 26 Prior studies mainly reported sex differences in short-term mortality, but after adjusting for age, risk factors, and comorbidities, these differences disappeared. [38] [39] [40] In our study, we observed that younger women (aged ≤65 years) showed 2-fold higher inhospital mortality than younger men, and younger women showed a significantly increased risk of dying in the hospital and at 1-year follow-up even after adjustment for demographics, baseline characteristics, comorbidities, and revascularization. These findings were in accordance with those of other studies, suggesting that sex differences for in-hospital mortality are driven primarily by the young age groups, with women aged ≤55 years having a significantly increased risk of in-hospital mortality, and those women who survive an acute myocardial infarction having an increased risk of 30-day mortality compared with similarly aged men. [41] [42] [43] [44] [45] The GWTG-CAD (Get With The Guidelines-Coronary Artery Disease) study of a STEMI cohort showed significantly higher in-hospital mortality among women within the first 24 hours of hospitalization. 46 Indeed, some factors such as differences in baseline cardiovascular risk profile and clinical profile, disparities in treatment, and low use of revascularization may be contributing factors in outcomes after STEMI in younger women. Furthermore, poor prognostic factors among older women, including lack of awareness of symptoms, longer delay in hospital presentation, and, consequently, suboptimal total ischemic time to PCI were often reported. 2, 13, 19, 26, 47 From a pathophysiology point of view, women have a higher prevalence of plaque erosion, and men have a higher prevalence of plaque rupture. 48 Our study data also provided evidence that <50% of women received ECG within 10 minutes, suggesting that sex differences exist in the diagnosis of STEMI. Similar findings were identified in international registries, where longer ED-to-ECG times were observed for women than men. 49, 50 However, some studies discussed that these sex differences might be due to poor recognition of atypical symptoms by emergency physicians, which can contribute to delays in treatment 49 ; difficulties in implementation of procedures, transfer to the catheterization laboratory, and referral-hospital acceptance; and technical challenges for women in comparison with men at PCI sites. 13 In our results, there was a sex-specific delay in ED-to-needle time (<30 minutes) caused by delayed ECG examination that affected the ED-to-balloon time (<90 minutes) in women. In particular, a clinically significant lower proportion of younger women (aged <65 years) received acute reperfusion therapies (thrombolytic therapies or primary PCI). Although we will not be able to explain the underlying cause, there is a need to focus on quality measures that can prevent delay in younger women in the Arabian Gulf region because a shorter time to reperfusion improves mortality. This could include the implementation of timely ECGs in emergency medical services, STEMI field activation, and direct transport of the patient to catheterization facilities to improve outcomes and to eliminate sex biases. However, we previously showed that only 5% of STEMI patients in Gulf RACE-3 (Gulf Registry of Acute Coronary Events 3) and 25% of the patients with ACS in Gulf RACE-1 and Gulf RACE-2 used emergency medical services in our region. 26, 51 In this regard, efforts should be made to improve public awareness about heart disease, particularly among younger women; to educate patients with at least 1 traditional cardiac risk factor following STEMI to utilize emergency medical services; and to regionalize care, which could reduce field delays. Further interventions are needed to encourage men and women with STEMI to seek care promptly; proactive measures should target highrisk groups (younger women) to improve care and survival of women. Women were generally less frequently prescribed guideline-recommended pharmacotherapies than men during the acute phase and at time of discharge, which is in line with other publications. [52] [53] [54] [55] Women derive the same treatment benefit as men from aspirin, clopidogrel, beta-blockers, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, aldosterone antagonists, anticoagulants, and statins. Our results showed that women with STEMI were underprescribed beta-blockers and statins at discharge. The benefits of beta-blockers and statin therapy after STEMI were similar in both women and men (relative risk for major coronary events: 0.81 [95% CI, 0.74-0.89] and 0.82 [95% CI, 0.78-0.85], respectively). 56, 57 Further studies are needed to explore the contribution of the underutilization of guidelinerecommended pharmacologic therapies in women to mortality outcomes.
Our study has the major strength of a large sample size with statistical power that enabled us to compare women and men among the different age subgroups by pooling data from 7 ACS registries over a 12-year time period. However, as with any other observational study, our study has inherent limitations, such as the possibility of residual measured or unmeasured confounding variables. The data presented in this analysis were from patients who enrolled voluntarily in the registries at participating study hospitals across the Arabian Gulf region from 2005 to 2017; therefore, we cannot generalize our findings to all patients with STEMI, and the patients may appear in >1 registry. The reasons for delay in presentations, the severity of comorbidities, and receipt or not of revascularization could not be ascertained. Last, the 1year follow-up data were available in only 4 of the 7 pooled ACS registries.
Conclusions
Women were less likely to receive guideline-recommended pharmacotherapies at hospital discharge than men across all age groups. Younger women (aged ≤65 years) had higher crude and adjusted in-hospital and 1-year mortality rates than younger men. Consequently, interventions that reduce variations in practice at the community, institutional, and regional levels are needed to improve outcomes in women with STEMI, particularly those aged <65 years. Public awareness campaigns targeting women, such as the American Heart Association's Go Red campaign, are urgently needed in the Arabian Gulf region. 
